Abstract-Pervious concrete pavement is an effective means to address important environmental issues and support green and sustainable growth. By capturing storm water and allowing it to seep into the ground, pervious concrete is instrumental in recharging groundwater, reducing storm water runoff, and meeting U.S. Environmental Protection Agency storm water regulations. In fact, the use of pervious concrete is among the Best Management Practices recommended by the EPA.
I. INTRODUCTION
Pervious concrete pavement is ideal for protecting trees in a paved environment. Many plants have difficulty growing in areas covered by impervious pavements, sidewalks, and landscaping, because air and water have difficulty getting to the roots. Pervious concrete allows adjacent trees to receive more air and water while still permitting full use of the pavement. Pervious concrete provides a solution for landscapers and architects who wish to use greenery in parking lots and paved urban areas [1] . The pervious concrete pavement possesses many advantages that improve city environment as follows by EPA [2] : 1) Water treatment by pollutant removal.
2) Less need for curbing and storm sewers.
3) Improved road safety because of better skid resistance 4) Recharge to local aquifers. Pervious concrete is a special type of concrete with a high porosity used for concrete flatwork applications that allows water from precipitation and other sources to pass through it, Ming-Ju Lee is with the Jen-Teh Junior College of Medicine, Miaoli, Taiwan (email: mingju6099@yahoo.com.tw).
Ming-Gin Lee thereby reducing the runoff from a site and recharging ground water levels. The void content can range from 18 to 35% with compressive strengths of 400 to 4000 psi (2.8 to 28 MPa). The drainage rate of pervious concrete pavement will fall into the range of 2 to 18 gal./min/ft 2 (81 to 730 L/min/m 2 ). Typically pervious concrete has little to no fine aggregate and has just enough cement paste to coat the coarse aggregate particles while preserving the interconnectivity of the voids [3] . Pervious concrete is traditionally used in parking areas, areas with light traffic, pedestrian walkways, and greenhouses. Pervious Concrete is an important application for sustainable development [4] . The study results of the pervious concrete on parking lot in Taiwan composed of 8-in surface layer (pervious concrete) and a 4-in base layer (gravel) showed that the compression strength of the surface layer exceeds the ordinary concrete structure specification (175 kg/cm 2 ). The field permeability test for the parking lot is about 1000 ml/15sec. The water penetration of the above pervious concrete is very good and no cracks were present on surface [5] .
Roadways and parking lots are large contributors to non-point source pollution. Suspended solids, heavy metals, and hydrocarbons are distributed over pavement surfaces by automobile exhaust and crankcase leakages [6] . Automobile pollutants accumulate on road surfaces until a precipitation event carries these pollutants away in runoff that eventually enters waterways or groundwater [7] . These pollutants can potentially damage sensitive ecosystems in nearby bodies of water or enter the water supply through wells and surface water withdrawals, which can be detrimental to human health. Various water quality studies of permeable concrete pavement systems report pollutant removal in storm water. According to these studies, permeable concrete pavement systems may filter out, trap, and biodegrade oil [8] . The addition of oil degrading bacteria is not necessary for bacterial utilization of oil; the indigenous bacteria are capable of degrading the oil on their own. In some cases where oil was efficiently degraded, nutrients were needed to promote the oil degrading activity of the bacteria. As the nutrient level declined so did carbon dioxide levels, which indicate bacterial activity [8] . Before claims can be made that oil is sufficiently degraded in pervious pavement, a feasible method of slowly releasing nutrients into the pervious pavement might need to be developed that will last the lifetime of the pavement. Research has been started to implement slow release phosphate beads into designs [7] , but field testing should also be performed to verify laboratory results. As microorganism diversity increases in pavement structures so does the utilization rate of oil. This phenomenon is not well understood and more research is needed to determine why the optimum oil degrading activity occurs with higher diversity even though the oil is only observed to be degraded by bacteria [8] . A great number of continuous
Purification Study of Pervious Concrete Pavement
Ming-Ju Lee, Ming-Gin Lee, Yishuo Huang, and Chia-Liang Chiang voids formed inside the water permeable concrete and its wide specific surface area are effective in the aspect of water purification by providing inhabitation space for phytoplankton, bacteria and living organisms [6] . However, a research and development study is needed to determine the method to improve the water purification performance against the inflow of a large amount of wastewater and harmful substances and to solve these problems. The study of water quality and pollutants leached from pervious concrete pavement was undergoing. This project mainly aims to study the pervious concrete pavement by pollutants such as acid rain, sea water or waste lubricating oil.
II. EXPERIMENTS

A. Pervious Concrete Material and Concrete Specimen
The cement used in this study was type I Portland cement conforming to ASTM C 150 which was manufactured by the Taiwan cement company. The coarse aggregate used was a commonly-used crushed stone with maximum diameter of 6 mm. Fine aggregates are nonexistent in pervious concrete mixture because they tend to compromise the connectedness of the pore system. The superplasticizer (SP) is liquid and its specific gravity is 1.05 and has 30% solid content. The above materials including cement, crushed gravel, SP, and water were used to make the pervious concrete mixtures with zero-inch slump. Fig. 1 shows fresh and non-sag pervious concrete. Two different compaction methods were named: tamping rod (ASTM C 192) and Proctor method (identified in this research as Proctor modified). Proctor modified method is applied with a steel circular plate bonded to a rod guide which work as a rail for the plate. To compact the concrete, the plate must run all the rod way, and charge all the weight over the concrete surface by free-fall [7] . The specimen is filled in 2 layers, each one is compacted by 25 tamps, keeping the height of the plate (Fig. 2) . The pervious concrete specimen, its area was 18 inch by 12 inch, was used to simulated pavement material as surface layer and to measure the in-place water permeability. The in-place water permeability test was displayed in Fig. 3 . The simulated surface layer specimens were placed with 4 inch, 6 inch and 8 inch thick pervious concrete respectively and compacted by the roller weighs approximately 220 lb (100 kg). The roller is not recommended for larger placements due to the extended rolling time required that could lead to raveling failures. After the strength and permeability tests, the samples were taken from each of the simulated pavement specimens for water pollutant testing. 
B. Pervious Pavement Test Box and Water Pollutant Test variables
The pavement test box was set up in glass box having a plane area 12-inch by 18-inch of 4-inch to 6-inch thick pervious concrete as surface layer and a 6-inch base layer (gravel) overlaying a 6-inch sub-base layer (soil) with an infiltration rate estimated to be 0.1 inch/sec. A geotextile membrane separated gravel and soil from the underlying sub-base. Each glass box had a 2-inch diameter pipe at bottom (sub-base) layer for the collection of the effluent samples, and also had a 2-inch diameter pipe at middle (base) layer. At the pipe outlet, a tap was fixed, preventing unintentional effluent loss. Only a 12-inch × 12-inch area of the surface was used for waste oil application.
The water pollutant tests and variables used in the experiment are shown in Table I . The water-cement ratio of the pervious concrete was fixed at 23%. Three different thickness of pervious concrete were 4 inch, 6 inch and 8 inch respectively. In addition, three water pollutants to be used were seawater, diluted sulfuric acid and waste oil. The amount of water pollutant be used to pour over the surface layer were 5 liter, 10 liter, 15liter and 20 liter, respectively. Fig. 4 shows two pervious concrete pavement systems in this study. Two different pavement layers (base layer and sub-base layer) and five different test items (compressive strength, flexural strength, salt content, oil content and pH value) were incorporated in the water pollutant experiment. 
III. RESULTS AND DISCUSSION
A. Strength and Water Penetration Testing
One of the most important features of pervious concrete is its ability to penetrate water through the open pore structure. The penetration rate of pervious concrete is directly related to the air void content. Because the penetration rate increases as air void content increases, and, consequently, compressive strength decreases, the challenge in pervious concrete mixture proportioning is achieving a balance between an acceptable penetration rate and an acceptable compressive strength [9] . The water penetration coefficient of pervious concrete can be measured by a simple falling head permeameter. The 7-day, 28-day and 56-day water penetration test results are recorded in Table II . The flow rates for water through pervious concrete ranged from 0.27 cm/sec to 0.34 cm/sec. The field water permeability test results are also recorded in Table II . The water permeability of pervious concrete specimens ranged from 1091 to 1200 ml/15sec after installation. A steady small decrease in water penetration coefficient and water permeability was found as the curing time of pervious concrete increase. The results of the pervious concrete pavement test box by waste oil penetration studies are presented in Table V . It can be seen that the oil content decreases substantially as the thickness of pervious concrete increases at both base layer and sub-base layer. Waste motor oil with certain water after the pervious concrete pavement test box could significantly reduce its oil content to 1 %. In the case of the pervious concrete pavement test box at sub-base layer had more removal oil capacity than in the case of the pervious concrete pavement test box at base layer.
B. Pervious Pavement Test Box and Water Pollutant Test variables
Permeable concrete pavements such as pervious concrete have also been reported to remove heavy metals from infiltrating water without the danger of mobilization [7] .The alkalinity in concrete raises the pH of infiltrating water, which may cause most heavy metals to precipitate as metal hydroxides and remain in or around the concrete layer or in the base material [7] . Pervious concrete systems were reported to have reduced the amount of total nitrogen by 37-95 percent as well as reduce the total phosphorous by 66-95 percent [11] .
A study on the effects of concrete thickness, pollutant content, seawater, diluted sulfuric acid, waste motor oil and soil layer on the penetration of pervious concrete pavement test box in laboratory was conducted. The results of the pervious concrete pavement test box by seawater penetration studies are presented in Table III . It can be seen that the salt content decreases substantially as the thickness of pervious concrete increases at the sub-base layer. A seawater solution (salt content 3.6 %) after the pervious concrete pavement test box could significantly decrease its salt content to 0.1 % at sub-base layer (soil) but seem unchanged at base layer (gravel). The results of the pervious concrete pavement test box by diluted sulfuric acid solution penetration studies are presented in Table IV . It can be seen that the pH value increases substantially as the thickness of pervious concrete increases at both base layer and sub-base layer. A diluted sulfuric acid solution (pH value 2.0) after the pervious concrete pavement test box could significantly enhance its pH value to 6.93. In the case of the pervious concrete pavement test cell at sub-base layer had more diluted acid effect than in the case of the pervious concrete pavement test box at base layer.
The results of the pervious concrete pavement test box by waste oil penetration studies are presented in Table V . It can be seen that the oil content decreases substantially as the thickness of pervious concrete increases at both base layer and sub-base layer. Waste motor oil with certain water after the pervious concrete pavement test box could significantly reduce its oil content to 1 %. In the case of the pervious concrete pavement test box at sub-base layer had more removal oil capacity than in the case of the pervious concrete pavement test box at base layer. 
IV. SUMMARY
The results of pervious concrete specimens showed that the water penetration increases as the duration increases, but both compression strength and flexural strength seem unchanged as the duration increases. A seawater solution (salt content 3.6 %) after the pervious concrete pavement test box could significantly decrease its salt content to 0.1 % at sub-base layer (soil) but seem unchanged at base layer (gravel).
A diluted sulfuric acid solution (pH value 2.0) after the pervious concrete pavement test box could significantly enhance its pH value to 6.93. In the case of the pervious concrete pavement test cell at sub-base layer had more diluted acid effect than in the case of the pervious concrete pavement test box at base layer.
Waste motor oil with certain water after the pervious concrete pavement test box could significantly reduce its oil content to 1 %. In the case of the pervious concrete pavement test box at sub-base layer had more removal oil capacity than in the case of the pervious concrete pavement test box at base layer. The test results show that water purification and pollutant of pervious concrete pavement both significantly improved in the acid rain, sea water or waste lubricating oil test.
